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i ) tm&> m&&mmmitt.mmit, u:F e: p m*\t% (0.97-1.2) : i : i, 

3) m^m^^mmm\mmif. 0.01-50 ^-/^Ht, 
4 2—10 fl-/4MtW^tt^^+in^^3i, them* i~2o tv^Bt, 

fSMMSt^^E 100-500 ^&S*t|e]£ l-30<Mtt ( 

m&mttm* io~48 **r, M^Kiifi. 

&i£g 14CO3, LiOH, &mm, ®mm%iz&&; m^mu^m^, mm 

£$. «fir£@, m£ft«**KAfc. 

awi. fin. 

«m. mm. xmm¥8iWr&&St mm&mLjE®mmimuf&o<, 

0.97<x<1-2j •^E&Tfiffa&gflJi H#M,Btfitfcflt&*J: 99.4-74%:0.5-16%:0.1-l0%. 

#ra£»a£tbtfK2j(i-2) : (2-3). 
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w&s*: a 1991 ¥m?Mtii&H5fc. *iE«*t*4-jtft**t»*wft 

Goodenoug 'hat [A. K. Pad 'bftt i, K.S.Nanjundaswarmy, J.B.Goodenoug <h 
ttf, J. Electroc *W em. Soc, 144(1997)1188] ^*jftT— Mffefilk LiFePO,, 
ffl»«A^A«X?«ttjEftttM«ttXnaiftU:M (170mA <hW/g). A 

^ffiftfli UCoO, W 140 mA *B*/g ft£l5$*ttftg, Jjf W3l*HWE#ffiM«yt 

1, &&&%i®&ik&\k&m£, Jt* U:Fe:P»^fcfc^ (0.97- 

1.2) 

2, ttjR^if 1-2 ^,lllt»ASIMi 

3, Mm^^n^mkAjKiH^.-ttXitA o.oi-so *» 

?E 2~io ft/5Mftftttn*tftP4>toft)I^. ftu*ft i~2o -c/^, 

100-500'C, S4fcgll*|iSlfc 1-30 'Mi* s 

4, ^ffifi»3IS«a^tbttl4,'tqAffl«iBiJ«MJgi:«fW», 
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10%; 

5, m&^m. #m&A&M^*ia*TiSs&&s, 500--900 
•c, &&aafiufc io~48 /ha*, 

3t+*i#±*fe%«iiE*8Ht*i!itt«iit*s Li,co 3 , n oh, m 

ggg^ltillfc. 3E^&iai^K3E«fe, ftttXtt, SftggjE&s SB® 

*»mW*ffl±3fiW#K»MT%»<a«]E«. ft*. RUBS, X 

#T&IE*&&M: jEffitg&fctf LiJFeP0 4 , (0.97<x<1.2) ,9%$l*ltt£ft!|. 

■6ff3MjR«:fcbfSUCAi 99.4-74%: 0.5-16%. 0.1-10%, ffr&%%>tim$K&m 

a&retiw«£4». »&4ft»«£Mfcfcfli&*r<i-2): (2-3), 

St, f«Rtfc*(l:9H9:l). «=tt*&#Bt. ft&fabft 1: I: 1. 

Li,FcP0 4 , <0.97<x<1.2), BftMatf fe# ft 3.3V 
ETfc. ttJ.^iK******* Co WJF**tt*f§ft(»76*. IS7fPF&1* 

3, 0fJH*jE&#ttttttlft&. ^^MMI)SMItl, 
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ffiltf. A-=0.l5418nm. 

&#m%) lmol/L W LiClO,/EC-DEC (1:1), ?StfC%£fttft 20mA/g. 

JE^Sffl 2.0V-4.2V. lmoI/Lfi<J LiC10 4 /EC-DEC (1:1), jfc 

&%f&a£ft#J3j l,20,100mA/g, $1SJ&& 25X^2X2. 



a*, jda 200ml mm, mttfimm. &&mtii±n<£i >m. £6 

&§I£Kj XRD B. *»S»»A9«ftlJ9raCttM 



»ir 9 3£#<s a, jpa 0.5 %%m. 0.5 3jkmz,*$, mena^m. ma 

4*tillftjE8ft, EI2lAifi5SSjft«. W*«?SE«|62,ffi+*Sfiz 
Z,ffi(ttfRtb 1 : Dffi^JRI^W !.0 mol • L' 1 LiCIO,;fcffcJ#iK, XP9Att%flUt 
ftflMt. MA^ji. ^^J^MKMaHiA 1 £. ft 20 mA/g ClUiEffi 

it) w»^%M4.2^t, Miiott, a i %ftokton-fcx&t£to&, m 
33v mzmmmtt, mmm& a ^ti^i^ 95 mA * 
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B*-g-'. m 3 A4?feft^ra3Cik*.*ift*#TW*k*ft<*. # 1-lOOmA/g ft 
&bft$H . 2EM&0I Aft "J JfcM^ 81- 101mA >hBt/g 3lfaJ . 

0.52 jsE^mKMff i #^»sE««a i jsumgm&fi-s-. Adam 
js*. jpa 200ml an, «i*j?sa«, ^mn±m^\^m, & 6 

ft^mT. BlSTC/^WM^MWoiC, 10 *&fr, M^6^/ 

*H*«JlWUKT. W 5*C/^fl<J^?j-M 600-C, fla»a«A20W. *s/g 
MS 20-C. B gc£#J 1 M#&«#«&Jt £Ul 20mA/g 

»!l^Br3ttk#ft^ 50mA *»t ' g-'. 

£86$ 3: 

l ti*^4tt«NKX4*£tt CM C), «TBi5firi**l*«ja»* 
»*9.2»iEfil. fclA 0.5&&S&. 0.3 33fc<6*KZ,*ft. 3f£$*]J§. « 

««t. i mm&m&,%.fo£mfc*jm&&m% 96mA • g -\ 

StKZiK+^K-¥ffl+«Kn ZJOKttfttt l s l, l)-&l^#J*lfc l.Omol 
LiPF 6 ftEfeA?$£, &&0»J.l tt^r«**JtTOH:#*» 96mA /hBt ■ g-'. S 4 
£«&ftff*FAtt. IfelOKfflF. 99SKJ:. 
£fifcfc|5. 

m, &ffn%mm i ^^i&m^mm^wmt^m^ ioimA/M*t • g-\ 
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(1. ***#*««*-§Xa*R 410083; 2. fB*R**#»tl4^«;*ie*K.SJdb«a 430074) 

*BBfl«*:TM912.9 XfltftiRSliA 1001 - 1579(2003)04- 0252 - 03 

Development of LiFeP0 4 as cathode material of Li- ion battery 

ZHANG Xirtong' ,HU Guo-roag 1 ,PENG Zhong-dong 1 ,LIAO Gang 2 , YU JQao-yuan 1 

(I. College cf Metallurgy Science and Engineering. Central South University, Changsha, Hunan 410083, China; 
2. Inttttute of Material and Chemical Engineering, China University of Qeoteiencts , Wuhan, Hubel 430074. China) 

Abstract &iFePO« was emerging as the most promising material to Tq>laee Uthiated transition metal oxide as cathode material for 
secondary Lrion batteries. It was inexpensive , non-toxic . environmentally benign . but it had low electronic conductivity and the 
reversible charity loss at higher current density. The structure .mechanism of charge and discharge .method of preparation as well 
as the result concerned with enhancing its electronic conductivity of the Field obtained was summarized. 
Key words lrion battery; electrode material ; LiFePO* 

«UM**ft*^M **{KAftX*. . r _ ^ 

WttWWH+TBtiCbQ, flLiNiO, ^ffiiKM 1 L |™">4flMSW 

LiFeO,"". ©Li,FeO 1 (R3m,0< x < 1) fR^S .H*SJ^ LiFePO, £B«#*m»««rW»SC#£ JITttflW 

&tfc r*'V ai + -0.B8*ft.£M#ABO I (R3ro)ft£fo«3M2 S*§# .SfflPXr P^ 18 ' . }£lttJ£ft+ ,F« J V Pe l '.fS*f&Sg 

rtBI'J re/ r A <0.86 111 - «-f6)H* Fe 4+ /Fe'- (e,:3d»« 3. 4 V .lit^K^mm i8ff!)^J»^/5? 

*Li/Li**)(t*jS.1i5 Fe'VFe 2 * (t„;3d«« • ) Li/Li* * Jl*£?teH««|)&M;*itt . A. K PadM ^A' 5 '**!*-** 

. #7J£J!gj&*ffl*£ .Cfcodenough /MaSF$57— jfcfli # SfD Madelung *&JK8:j£tS:i68F5fc7fc-£(XO«)'- CX= S. 

e-S-^i^S? (XO*)'- (X=S.P-As.Mo»W,y-2 i£ 3) Mtt P«As*Mb,W ,y -2 BS 3) Wfil^M Fe 1 *t Fe 2 " «*fcj£IiSI%& . 

PO. 1 " » S04 1 - I68&£|tfcg*i|#ffl Fe J V F«'*/Fe ,+ ftLiFeP04*WSf%fi:Hl«?Si*; : (DliaFeA«*-0- 

fe 2 * ^ttffi&MBswffittasi. ^w*ffl x-o Fe i** 7 ©isiia&w 

ft^(XO,)'i§>2 Fe-0-X$^#fi££7 Fe'VFe 1 * ftjgtt Fe0 4 A®«tWraR^2:|SJ^^5tJ Madelung ttWftffl . 
* w&A.W7*±7SirCMiiV(ijE . JW&»>J«WI5:W.W LiFeP04 
3.4 V(w. Li/ Li *)*)%£ .^iiaSgT.tlEFttUfgS. 



LiFePO, W3fefiSc4^ 



» .'BriH^ftji 120 tnAb/g. «fftt*ftA«4>1KffiM«ilK* LiFePO, itf £j£%£JSjQTrW 51 : 

jj TF^fgjft .WmWi^M ^Wftmm v - "' ■ ftfeRig :LiFej>Q < - xLi* - xe xFePO, +(l - ,)LiFePO, 

£5.S)*(19«9 - ) J8 ,**A &m**n±& MWlfil :£ffl*f-fc^ ; 

® i*W(i978 - ) ,H ,;494bA ,*>mi&%*i&W±mH£ ftfffift ijSEt&ft^ ; 

r^7C(l970- ) .*.»!WA. c r'*^«±^.W^|S::JSffl*'fk*. 
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:FeP0 4 + xLi* + xc xLiFcPO* + U - x) FeP0 4 

Jt LiFeP0 4 ft FeP0 4 M*l2l|JiJSaff . *W»Sf 
»«9*ifcflnU»aj ,tt LiFePO, aVCft;* FeP0 4 W .JtftKK 

A.KL Padhi ,U&7M»M LiFePCV Fe* 

P0 4 IWfftAU FePG 4 £fo*&ffi^&m*m&ffl$rM. E&T 

1 aam»KB5*j»ja*#T!ij>?ttAttrtmr**ft«* 

«W«A* M. Tflkahashi ^ Ir71 ^F5tT%?fema^LiF e P04 * 
tt^ttttWIMA. XttttJK4tW«?«»n}Sttff LiFeF0 4 + 

mi&WM&fym. ^LiF e po 4 

r ikxft .M^AttMnasfl: . Btt .asm****^ ,tt 

maS. D.D. MacNeii *t"> W (DSC) A 

lmol/L LiPfrEaDBCff*%»|fttJ(aH*ffTtt«T 7 ft® 
*^*AfflMiElRW*l-Wtt»Stt[LiCbQi , LiNiOj , LiNio.i 
OJo.iQi ,Li l+ «Mni. ,0* .LiNio.? C00.2 Tlo.os Mg>.os ,Li (Nij/i 

GD,/4Mny,)Qi «i LiFcPo*] .a a ufcpo 4 nxasfittRA 

3 LiFelO* WtMWSftt 

Sir ^fl±3jsufla««*y# LiF«po 4 #h* . 

tt&l tftftfttt LiFeP0 4 tfrfc . 
3.1 ■Sfi* 11 *" 1 

tt»»»5Ett) 500-800 CT«jft«/> 
W .BTOJWM LiFePO, »*• (Uatt*tt&%«l 

*: 

Li a C0 3 + 2 Fe (CH 3 COO) 2 + 2NH, H2 PO» 

2LiFeP0 4 +2HiO + C0 2 +2NHj MCZfeCOOH 

»tt .ft***8* .ttlt^ffJISHK ja*«W(5]ft. 

.*JMft««|CM ,*f Ijkftt^ . ft? 

3.2 ajcft*" 1 " 141 



YShoufeng^ CllJ ffl Fed 2 4HjOsLiOH ft P 2 0 3 £ 170 t 
T 3 LiFeFCMOtf xtfrrt 700 t*fc 

» 12 h ,WRTf#Sfl LiFeP0 4 »# . 

M;M.Docff^ [,9) *ffl Fe(NOj) 2 *H 3 P0 4 ft LiCH,COO t£ 
J&BP^Tf»HLiFcPQ»»*, 



LiTeP0 4 «MWK* l xtSf*S» JSSfflfitjRtaSfH&W? 
*ftitt LiFePO* mb W • *n€2« JroflMAl£«-«m 

tiS^SJfrftjDS ArmaudtSili LiFcP0 4 
K«»*tflfl:'fr*WW*#* Wii 150 mAh/ g ;«JF 10 , 

i£*s*fc*B«*M«& 80 WK aio^sc% § tfc*i 

«5#93-mAh/g. H. Huang CHCXX3Li,Ffe(C^OX)) l 

^^HiPc^^ fg^x^yg^M^i^fi^ ^iij^ 

LiFePO^/ C U«|m.fiEN(lii» OT2«#«[lli Jfff*«iW 
i& 162 nAVg;iU cy 5 ffi *»*Pt .fl|Jf 100 a^rt»Jf«$E* 
T99.9-H. S. Y Chung »W«fflT 85 + 10 
+ 5%PVDF,flr^ftRffWSia#^^{1^3 XKT'Sfcmjg 
il LiCbO, (1 0 " 1 * cm) ft UMn 2 0 4 (10" *S/cm) ^Y/Silii^^t 

nnwmimto\\L#m* io- § s/cm. «u«:-^*«*9ii:* i. 

ICWfff»T.ai6*it* 125 mAh/g;^E2.3 Ctt-R*T,ttlft 
S** 9$ mAh/g J*^tt* » 99 %. J. R. Dahn^l^ffctJf T^F 

w^a»g»ff :-»a#4g«if»flauFcpa ^a^iwPw 

*»M88*l:^9J»2.7 Vo-3.5%ft 6.2%(Ii5^^i) . 
*«*«!l«aWJSW»»jS^J««#AS:ft^H H. Huang « 

LiFePO./ C(«fl9iBjtS»«*A J5 Wt*#Mt)lfl 

ft#3»fl9#tf»ft+ ,A«»#aTK3ES UFeP0 4 ffltti 



H U^^/I.^^S-lWl*^/*"*!^ -tf ±nSZ.a3r»i*>t» ^ J±» Sfe n r* itc f 20 J rn. TO w5C» tt/s vat o*. . ii - _ - 
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Tffl«^f*X4*R I LiaOrEaDEC(l 5)ft*fttf*.W0.2 c 
140 mAh/g, ^^30^/503^130 mAh/g. }R 

s. Y. chuog' 17 ; » M tt g g » M M& Wja±lM£ - 

AJ 1 * >Ti° «Zr 4 » . Nb'« >W**_)_ t tt»^Jq M LiFePO< W*^* 

A Wtttt«SfS****W .BfafiSife** ;&S&6 ooo mA/ g 
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